Background: Fine-needle aspiration cytology serves as a safe, economical tool in evaluating thyroid nodules. However, about 30% of the samples are categorized as indeterminate. Hence, many immunocytochemistry markers have been studied, but there has not been a single outstanding marker. We studied the efficacy of CD56 with human bone marrow endothelial cell marker-1 (HBME-1) in diagnosis in the Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) category III. Methods: We reviewed ThinPrep liquid-based cytology (LBC) samples with Papanicolaou stain from July 1 to December 31, 2016 (2,195 cases) and selected TBSRTC category III cases (n = 363). Twenty-six cases were histologically confirmed as benign (six cases, 23%) or malignant (20 cases, 77%); we stained 26 LBC slides with HBME-1 and CD56 through the cell transfer method. For evaluation of reactivity of immunocytochemistry, we chose atypical follicular cell clusters. Results: CD56 was not reactive in 18 of 20 cases (90%) of malignant nodules and showed cytoplasmic positivity in five of six cases (83%) of benign nodules. CD56 showed high sensitivity (90.0%) and relatively low specificity (83.3%) in detecting malignancy (p = .004). HBME-1 was reactive in 17 of 20 cases (85%) of malignant nodules and was not reactive in five of six cases (83%) of benign nodules. HBME-1 showed slightly lower sensitivity (85.0%) than CD56. The specificity in detecting malignancy by HBME-1 was similar to that of CD56 (83.3%, p = .008). CD56 and HBME-1 tests combined showed lower sensitivity (75.0% vs 90%) and higher specificity (93.8% vs 83.3%) in detecting malignancy compared to using CD56 alone. Conclusions: Using CD56 alone showed relatively low specificity despite high sensitivity for detecting malignancy. Combining CD56 with HBME-1 could increase the specificity. Thus, we suggest that CD56 could be a useful preoperative marker for differential diagnosis of TBSRTC category III samples.
▒ ORIGINAL ARTICLE ▒ Thyroid nodules, composed of non-neoplastic and neoplastic lesions, are found in the general population at a rate of about 5%. 1 In Korea, as of 2011, the diagnosis of thyroid carcinoma has increased as much as 15 times compared to 1993. 2 One of the reasons for this increase is thought to be from development of the fine-needle aspiration cytology (FNAC) technique, which is fast and accurate. FNAC plays a crucial role in treating thyroid carcinoma, such as in predicting a malignant nodule or in helping physicians make reasonable choices between surgery and safe follow-up treatment. 3 For all the benefits of FNAC, the cytopathology reports are often either ambiguous or difficult to interpret. The words "atypical," "indeterminate," or "cannot be excluded" may cause confusion in patient management and diagnosis. 4 The Bethesda System for Reporting Thyroid Cytopathology (TB-SRTC) was developed to report FNA and to provide a unified terminology and diagnostic criteria for associating these cytological diagnoses with clinical management. 5, 6 Papillary thyroid carcinoma (PTC) is the most common malignant lesion representing 70%-85% of all thyroid cancer and is usually diagnosed by its morphologic features such as papillary structures, ground glass nuclei, nuclear grooves, and nuclear inclusions. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] But, when a sample has a small amount of follicular cells, it is too difficult to make a correct diagnosis. [17] [18] [19] Hence, many studies have advocated the use of immunocytochemistry markers and ancillary techniques that use a molecular panel in the purifying process. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Many types of single or multiple panels of immunohistochemical markers were studied to determine the optimal marker of malignancy; human bone marrow endothelial cell marker-1 (HBME-1), galectine-3, and cytokeratin-19 were shown to have high diagnostic accuracy. [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] We studied the application of CD56 immunocytochemistry with liquid-based cytology (LBC) for samples that had been diagnosed as TBSRTC category III. Additionally, we evaluated the efficacy of the marker CD56 with HBME-1.
MATERIALS AND METHODS

Patients and samples
We conducted a prospective study from July 2016 to December 2016 and archived 2,195 Papanicolaou (Pap)-stained slides retrieved from the pathology department. Each author had access to the patient profiles. The thyroid nodules were examined initially by ultrasonography; the size varied from 4 to 25 mm. Cytologic cases of the baseline period were classified according to the TB-SRTC classification. The cytology results were distributed accordingly: TBSRTC I, 8.3%; TBSRTC II, 28%; TBSRTC III, 16.5%; TBSRTC IV, 1%; TBSRTC V, 12.5%; and TBSRTC VI, 33.7%. The aim of our study was to evaluate the diagnostic value of CD56 in indeterminate cytology cases. All cases that belonged to TBSRTC category III (n = 363) were studied. All cases were handled through the LBC method and with the help of a ThinPrep 5000 processor (Hologic Co., Marlborough, MA, USA). The LBC slides were fixed using methanol and later stained with Pap. Leftover materials were stored using PreservCyt for possible future studies, including immunocytochemistry. Twenty-six cases were histologically confirmed as either benign (6 cases, 23%) or malignant (20 cases, 77%); we stained 26 LBC slides with HBME-1 and CD56 through the cell transfer method.
Cell transfer and immunocytochemistry
The Pap-stained slide of FNAC and the area of the smeared atypical cell were marked by a pathologist. Atypical clusters could be selected for staining from each LBC slide by the cell transfer method. The previously described cell delivery technique was performed at the marked spot on the slide. [37] [38] [39] The cover slip was separated from the Pap-stained smear slide, overlaid with Malinol (Muto Chemical, Tokyo, Japan), and heated overnight at 70°C-80°C. They were then incubated for 1 hour in a warm container at 50°C-60°C to lighten the Malinol films. We stripped the Malinol film containing the cells from the slide and cut the marked spots covered in the Malinol film into pieces concordant to the evident spot from the primary slide. The Malinol film was moved to another glass slide, incubated at 70°C for about 2 hours, and removed using xylene. [37] [38] [39] Immunocytochemistry uses the following immune staining markers: HBME-1 (1:100, Dako, Glustrup, Denmark) and CD56 (1:100, Ventana, Tucson, AZ, USA). Positive immunohistochemical staining showed moderate or more cytoplasmic positivity for at least 30% of epithelial-follicular cells in all cytological cases. Histological diagnosis and a 30% immunocytochemistry cutoff were applied to reduce false-positive or falsenegative outcomes. 34, 35 We did not distinguish between moderately positive or strongly positive in levels of immunostaining, and designated both moderate positive and strongly positive as benign in whole. While CD56 stained the cytoplasm, HBME-1 stained the cytoplasm and membrane. We identified mesothelial cells as the positive control with HBME-1 and histiocytes/macrophages for CD56 positive control. We identified lymphocytes as the negative control. We compared with paraffin blocks for immunohistochemistry. Immunohistochemistry analysis did not reveal cellto-tissue mismatch yields; both cytology and specific histologic samples were coincident. We used buffered formaldehyde to fix the surgical samples. The paraffin blocks were cut into 5-μm-thick sections and stained with hematoxylin-eosin. All fibroadipose tissues that were adjacent to the thyroid were extensively searched to find lymph nodes.
We sought true papillary structure with nuclear characteristics to detect PTC and diagnosed follicular variant papillary thyroid carcinoma (FVPTC) when there were characteristics matching PTC in multiple sites.
Statistical analysis
The statistical data were analyzed using SPSS software ver. 23.0 (IBM Corp., Armonk, NY, USA) and Fisher exact test; pvalues less than .05 were acknowledged as statistically significant.
All procedures performed in the current study were approved by institutional review board (IRB) in Gangnam Severance Hospital (local IRB number: 3-2018-0096, May 21, 2018) in accordance with the 1964 Helsinki declaration and its later amendments. Formal written informed consent was not required with a waiver by the appropriate IRB.
RESULTS
As emphasized earlier in the materials and methods section, during our study period from July 2016 to December 2016, we analyzed 2,195 samples from thyroid FNAC and selected 363 samples of TBSRTC category III using an immunocytochemistry panel composed of HBME-1 and CD56 (Fig. 1) . Among 353 cases of indeterminate thyroid nodules with category III, 26 patients who had been surgically treated were selected. Three male and 23 female patients were included; the median age was 50 years. The surgically acquired category III samples were histologically confirmed as 10 non-malignant nodules and five adenomatous hyperplasia. Twenty nodules were malignant and 10 were conventional type PTC. Five cases were FVPTC. One case was diffuse sclerosing variant papillary thyroid carcinoma. Fig. 2 depicts the characteristics of the patients and their clinical and pathological features. We considered all FVPTC as infiltrative FVPTC. Table 1 shows how immunostaining is expressed in two categories. In 18 of 20 cases (90%), the malignant nodules were completely negative to CD56 (Fig. 3A, B) , and two cases of FVPTC showed focal weak positivity (5%). In contrast, five of six cases of benign nodules (83%) stained with CD56 showed cytoplasmic and membranous positivity (Fig. 4A, B) . The sensitivity was 90% and specificity was 83.3% with diagnostic accuracy of 88.4%. The CD56 results were statistically meaningful (p = .004). HBME-1 was positive in 17 of 20 cases with 85% sensitivity and 83.3% specificity and diagnostic accuracy of 84% (p = .008). HBME-1 showed slightly lower sensitivity (85.0%) than that of CD56. The specificity in detecting malignancy by HBME-1 was similar to that of CD56 (83.3%, p = .008).
We analyzed the outcome using both CD56 and HBME-1 ( Table 2) . Combined CD56 and HBME-1 tests showed lower Values are presented as number (%). HBME-1, human bone marrow endothelial cell marker-1. sensitivity (75.0% vs 90%) and higher specificity (93.8% vs 83.3%) in detecting malignancy compared to using CD56 alone (Table 3) . Also the diagnostic accuracy was 90.0% in detecting malignancy when compared to using CD 56 or HBME-1 alone.
DISCUSSION
As we predicted, CD56 showed high sensitivity (90%) and relatively high diagnostic accuracy in diagnoses in category III thyroid cytology. Therefore, we believe CD56 is a very effective screening marker. CD56 has been recognized as an effective marker in previous studies as well. Many studies showed that CD56 is less prominent in PTC samples. In our study, we showed that CD56 is a useful marker in thyroid cytology, which differs from previous studies in which CD56 was used in thyroid tissue samples. Recent studies have examined the efficacy of CD56 immunostaining and the role of CD56 when used as a panel for HBME-1 immunostaining and for determination of thyroid FNAC positivity and malignancy. 34, 35 Samples showing fewer papillary structures, pseudo-inclusion in the nucleus, focal nuclear pleomorphism, and atypia can be confusing and might lead to a diagnostic dilemma. Any morphological similarity between benign lesions and PTC may be Fig. 3. (A) CD56 negativity in the case in Fig. 1 (avidin-biotin-peroxidase complex, × 400) . (B) Negative CD56 expression on the histochemical sample for the same case (avidin-biotin-peroxidase complex, × 400). A p-value less than .05 is considered significant. OR, odds ratio; CI, confidence interval; HBME-1, human bone marrow endothelial cell marker-1.
the cause of misdiagnosis between FNAC and histological surgical specimens. For example, when Hashimoto's thyroiditis has nuclear atypia, empty chromatin, or nuclear groove, this can be confusing and might result in misdiagnosis. 26 The relatively low specificity of FNAC can be further improved by applying an ancillary technique (e.g., immunocytochemistry and molecular marker). For this reason, effective dye markers (HBME-1, galatin-3) are attracting attention. 35, 37 HBME-1 displayed high sensitivity and high specificity in detecting PTC in many cases. 34 Additional reports suggest that mixed panels of immunostaining markers would provide more accurate diagnoses. [12] [13] [14] [15] [16] 20, 22, 25, 26, 33, 36 Many studies were aimed at finding a sole maker for identifying malignancy accurately. CD56 was one of the most preferred markers for thyroid epithelial neoplasm in an immunohistochemistry panel. [21] [22] [23] [24] [25] [26] 37 While the exact mechanism is not well known, CD56 is noted in multiple sites (e.g., neuron, mesenchymal tissue, and endocrine cells). [21] [22] [23] [24] [25] [26] Some studies correlated different CD56 expression with tumor cell migrations. 29 In previous studies of thyroid histological samples, CD56 was seen as a promising immunostaining marker expressed in most normal thyroid tissues including goiter, Grave disease, and Hashimoto thyroiditis. CD56 showed a negative staining pattern in PTC tissues including variants of PTC. 27, 29, 34, [40] [41] [42] Indeed, in one study, the low expression of CD56 in PTC was shown to be highly specific in both single-use and dyed panel applications. 29, 34 Although the data of El Demellawy et al. 40 showed that CD56 was expressed in all benign lesions, our study showed slightly less (83%) positive expression of CD56 in benign lesions. Interestingly, all but one malignant lesion showed negative CD56 expression. We also compared CD56 with HBME-1 because HBME-1 is a preferred marker in building an immunocytochemistry panel, which could improve diagnostic accuracy. Our study is the first we know of that reveals the diagnostic usefulness of CD56 immunostaining for Bethesda's category III samples using thyroid cytology.
CD56 is usually studied in formalin-fixed and paraffin-embedded material. 29, 34, 41, 42 We demonstrated the usefulness of immunodiffusion with cells that are thought of as atypical when using the cell transfer method. The positive features of FNAC are cost effectiveness, time saving, and practicality; also, the test is not invasive. 35 An ancillary technique such as immunocytochemistry or molecular testing can add cost but can also save money in the end by avoiding unnecessary thyroidectomy or lifelong drug treatment.
One limitation of our study was the relatively small sample size. Further study conducted with a larger number of samples should bring about more definitive conclusions.
Instead of using the well-known cell-block technique, we immunostained LBC for two reasons. First, LBC showed reliable results in immunostaining. Second, fixation can cause the cellblock to show false positive or false-negative, a problem we did not encounter while using LBC immunostaining. 34, 35 Our preliminary results show that CD56 is likely to be a very effective and reliable marker for ruling out PTC. We also suggest that CD56 be used in FNA when it is difficult to confirm the diagnosis using HBME-1 alone. Also, its efficacy can be enhanced through combination with other immunostaining markers.
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